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B Bk AR, k™, Fhs k!

LAb B Tl KA Es S5 A ar 3B, db AT 1001245 2. db# K 5545 B BR A ml b # K &5 0P o8 e, LA 100102

W FE EEENABGE A . KON MR, R AR - BEUR A L -BioClens UAH L T-20, ilf4T
TR WA R MY . 2 150 d s TRk, REGERE R LA MEER AN (UL CcoD i) . TN
Y 5 BR300 513K 5 81.3% 1 81.8%. il S Mk A< PR IT Ay D4R 2 S Ak B 76 71 I 488 JoF Y YA v A L 11 5 T 5 O B NHL,-
N, HFEEAHLY (U COD i) M NH, N 55K 5 8 81.6% 113.7%, AREREBEsTREGEE, RE
HEAL IO NH, N M EZE BT, RERETE LR EZBRR M 0.480 kg-(m*-d)'; BioClens /X fiff fk 5270 X}
AP B L2 77 2R 1Y NO, -N #E 47 S i AL R BE 25 B, A6 LA & BR 8 o B K, (331 [ 2 AL S RH IR 78 LK Oy 5%,
C/N=3 BB F , HAPH NO, -N B %35 90%. 1% T/ 2980 T W& SR W 4 T b B, LA R I .
KR WIHEW; WA, RAAAM; BIEEE; Rt

HRl, 8o b oAb PP OR 2 AR O | BE R MR UL 8% 3 Rh =X, b PRAEUR B AL #1LIH 2
A e B B UR [mSOR T AL B, TR o b R A B A B0 Tz N . AR, TR T 3
KRG 1K 80%~95% , (e KA A e FE b 27 AR R B TR . LA 500 t-d' A9 4 Jif 17 30 K 480 K I8 00
H 6, &b Bt F2 v o 7 42 29 600~650 t-d ™ 1Y PR AT W™ 4 o by I Kk R VR W B A TS e W 1y 2
¢, AU E AR . R o BRI AN O R R AL, PR B K, R AL T
2w HA T A A B RIB AT A e A )

R A A AR R R & E AL T (anaerobic ammonia-oxidizing bacteria, AnAOB) 7 Bt % /JC & 2%
PFF, VRN FRMA | WSR2 0K, P E AR R IR ER A AR W RO . AR AR
SR — U R B B R A, T R AR R REAE 60% LA b, 1A A ML IR 100%, HE R %= AR
90% Lk b, BEARTE U= 5 90%, W/ i Mt AR 80%P), Hiuy, RAZAME A FZZEHFIHRIEML
W FRFHEOK . JCRIEK S E & A Ll Kb s, et BN e AR, HEENH
AREGFOHC AR o H i T4 5 K v MOBE K 0 52 e, AR i U i I g 2 17 P 1R 0

4 ot TR T v R BE AR AU ALY (L COD i) X IR A AL RN g, DA R A s A Ak K
T VR B A R R AR A R R AE TR T AR AR R R ME R, IR B e T A 3%
s BHEE: 2023-02-21; FAHHA: 2023-03-19
EEWA: bk s £ 0 A FERHE L BRE (ZZLX-2018-05)

E—EH: B (1998—) , F, WL, 854516047@qq.com; BRBIEIESE : SKWNAE (1977—), %, Wi+, FE% TR,
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W, ERKENK, 23K PREA Y (L COD i) inpdy, 20 I7 b i B 3G 5 {1 IR SH 2 A
A P 32 B Y i — B R A Ak By oy =X (1) AT S, G2 T2 B BRIE TN 5 B 88%,
A 11% ) TN LA NO, -NJE X A7 7E , H7E S Bris 47 vh i o0 W6 1R #h 25 # A6 O NOy -N, S 3 i ok
TN EBRRREART,
NH; —-N+0.850, — 0.44N, + 0.11NO; + 1.08H" + 1.44H,0 )

Tl S S RS HE R R X, B RS IR R 4 (dissolved oxygen, DO)® 1) Jz i 2514, ASHF T 4
A% AL (aerobic ammonia-oxidizing bacteria, AOB) A4+, BE7E 22 BR1H W COD. [ 7] B £ B K
#4r NH,-N, N5 2R A 2 A AL BRI K S R LR B o BioClens SEURLE Sy — i S i Ak T £ 2L [
EAEAR, BAEWMEDHRER .. Aok MBS . AN 5 E A, AREL
FRAg IR EE AR AL T = B AR BRE

AT 5E R ok R e R -— B U R A A A BB BioClens [z A fbAb B JBIA W, 98 T4 Bk
FEVERE , RO RO BT X H AR5 G W) BRI, A0 A 8t T VR K Ak B AR A — b
R . BAAA TR EORBEAS , HE T A i AR TR 5T VE WA /K A B R TR AR S
1 MR5R%
11 SERE

TR R M A ML EE M T, 93 R
X Ot . Hr Rl = ER A (B 1) o BRIl
B K 9 B A 20 emx20 cmx50 cm, A R & L
20 Lo fCA B Ut K 8 06 S AT A KA
Hoe, IR 2 A B T o I K UKL 75 T8 IR WCH

(expanded granular sludge bed, EGSB) JZ ) %, - T)ﬁéi“l't%.%!!
ERORA LI R TR 15 om, | AR 1 s B
S, AR L SRR ER R el

0e YH BE > S L = = . .F ro ‘ r’, -

i 1 2 4 ‘(3(5%) Co E%ﬁmﬁ% U, H}%—M ﬂﬂ(}%%% & ikl HEKE pE R PR

ik ol M O i T 4k e 8 9 9 P s

[ A B <o Y UL K22 0 3l 22 4T A BioClens PRI PSS BioClens/ Rif
AT, H AR A LB L, NiR B1 RERLER

12cm, BEEM4L, BiBERBFELEE, HxO Fig. 1 Diagram of reactor installation

P& B A% M B 1E BioClens HUBHA 2K
1.2 EMISIRASEIE AKX

f A S 2 b IS PR R A TS K AR BT U0 RS U o SRR G R R T IR A R T
[f] 445 J3 £ WK 2 (MLSS) iy 3 150 mg L', ¥R 45 W 4% i 1 Ak 77 [T 44 Joz 2t vk B (MILV'SS) i 1 830 mg'L ',
EGSB £ 8115 U6 B F 3205 K A BT 2 N IR B Ak S L 2, A 96 IR Al 4 A Ak 80K V5 Ui S — B =R 4
AR B R e A 10 L, AU R 1:2, RS EGSB J W % MLSS 24 11 280 mg-L ™',
MLVSS }y 7265 mg-L™',

S FH 7K Ay At T A T 3 35 N DR VR RO SR K, T 2 W T R A 3 R R A3 R
¥ (suspended solids, SS) J5 ¥ MIRAT . FRARME A F Mz 1T B Bewa =K, B R KW B J5 1 b = 7% i
K o A T W R K B 28 i s R ik g s ) B BT I 2 1
1.3 EWHE

it T LRGSR AR SR A ST, KA E 5 E ) BioClens [
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* 1 BEBRKRIER
Table 1 Water quality of food waste digestate

TREERPZ COD/(mg-L™") NH,“N/(mgL™") TN/(mgL') SS(mgL') pH Hift
TR K 6 500~13 000 1 600~3 200 2000~3 800 8 000~10 000 7.9~8.1 F&ff
VA 7K 3 000~6 000 1 500~3 000 1 700~3 300 60~150 8.0~83 M

JCo TERAA MR TRIT P HEAT 48 BHA WG A ML (LA COD i) i 255 Rl i £/ B 2 NH,N, )5
Zr PR A F AR OT IR AL COD . R NH,'-N R HE/K 2600 Bt 38 3 80/ N T W) M B A BOR 42 71 T 2
FYEA IR B B i A G fr, AR 7K COD 72 Ak i 1 B Ut R AIE AR S8 A ALY (KL COD i) Y £ Bk . 13
S R SR T A5 I B 4] 7K 7455 B8 B[] (hydraulic retention time, HRT) 24 10 h, 758 # (sludge retention
time, SRT) & 4~5d, 75 [ L A 150%, DO A 0.5~1.0 mg-L™', pH A 74~7.8, JREF 23~28 C, H
izt 244 2. 78 EGSB I s R AT — B U PR SR B SRR Y JR 3 B s S T, e ek ) RS e g
AR A 52 5 48 AL 41 1 (nitrite-oxidizing bacteria, NOB) [ 14, #2 7k AOB 1 AnAOB % M.
N 7545 B BEAE HRT 24 10 h, DO M 0.1~0.3 mg-L™", pH 4 7.9~8.2. & 4 (30+2) C MI&MHF, SLH
% Jof T WA R RO AL, HA B AT 2 8 W 3 24 BioClens [ fH Ak L JC7E HRT 24 2 h, pH K
7.9~8.1 ZAF T HLAL CN, £ERNOy-N, LB T2 TN ZERZCRANETT .
*2 WMEBRSEREFENETSH
Table 2 Operational parameters of the micro oxygen aeration and anaerobic ammonia oxidation

e RS
BYBC MRV gokNH, NS BEKTNG L EKCOD/ UMEKNH,NG BEKTN MRS .
(mg-L™) (mg-L™) (mg-L™) (mg-L™") (mg-L™) (L'min™")
1 163 150 160 198-396 120 144 03 20540
I 64-96 200 213 192-336 170 196 03 30s:30s
M 97-116 270 286 282344 240 265 035  30s30s
V117150 340 363 384492 300 332 035 40520

e REESEALEE T MBI R H R 5009%0~800% H A B BE Y 800% .

1.4 SWEE

2T 7K BT F8 b A R 147 e IR A 0 2 U0 NH, N SR TN Gk F 40 6O BE s NO, -N SR N-
(-2 55)-& Z e G BE 1y NOy-N R 8403 6O B 1 5 TN SR FH A 1R 40 S Ak - 5% A0 43 ok
B VSRR SR AR E EE COD SR FH 25 [ 1 7 DR-200 15 Pl 3 A% 3 BOD, SR JH i B 4 b v
W . pH. DO RS WTW 3 430 Il 2 {0 5 .
2 FBR5TR
2.1 ERBTERAGKRMERE S

SR T2 RGN BHE W R COD A TN AL I 2 i . 55 1~76 KX, RGENMARSK S
IRAE A EAL B IC R I 1T, 5 77 K BioClens AL ST 3. 1 L ARE G (M BLIV) X4 6 i ik
EE A ALY (UL COD ) B4 £ R %55 81.3%, RS A RS SRS A WY (UL COD it) iy
T LMoL, HEKPREANY (UL COD 1) A2 BT 4k i 5 R 45 Mk A= ) Wt fe 4 o 10,
I, R4HK COD 5B H K COD ML, HA %R A & E AL Bt i i .

FE 3 AT, 74 B Bedh, 2R T2 R4 TN LBRFURBEE KA & A AL 50 i &/ BE 7 1041
FHZEALHEIN . TR 1~76 REWFE T2 RS TN LBRREAL, VBN 52.4%, BLut EZZmEE MR
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T

AR E L K R NO-NL FE S 7T R,
BioClens [ it FRITJH 3, X NO, -N #4717 K
FEANEE, SRR T LRGN TN KRRk
SARTF 2 81.8%, R RIFH A MERE .
22 WEBRSHTCODEBRERZELSH

FEESL R N A%, 3l K DO iz
R4, R TE P TS V8 Sl A= 9 5 ML A
fiff 39 SR E = T NH, N S AL R R 05, 7R 5K
I T TE W S BR AR A HLY (LA COD It) 1 [
I B NH, N, N 5 22 S & A AL e 01 i
ROk &0 BARFEA ALY (UL CcoD
11) M NH,'-N ZER&OR W B 4 FE 5. % T4
LK A fr sl de b, ERE [ ~IVig
P RGE A T, R AR U5 48 B W C/N AR
LR SR, il DO 4R E R K T, fRIE
FE A HLY (LL COD i) & Bk i | B, s >
NH,-N B2k & .

51~V Bt ON A 1.2~1.5, ##E COD
75 A, ] # B S il DO 4E 45 7F 0.3~0.8 mg-L ™,
SRR, EWMAEZIEMAMT, RN
H R SRR DO 1 3E 4 13 = T AOB.JNOB,
H T AOB 74 B BB /N, 16 1k S A2 B U2
15 5 72 W X DO WY 3a 4 ) ik, A5 DA
TE 2B R BEHE WAE A A HLY (BLCOD 3t) (1]
A8/ NH,'-N %Ak . [0 i 2473 NH, -
N £ Br RN 13.7%, F¥WFHEAEA LD L
COD it) £ M F ik %) 81.6%, Hi /K BOD,/COD
{H 4 0.05~0.08. Xt W3 4 COD K £ h JiF 4
MR 55 Koy T HMERE R ot , TR R SR JTRE
J B2 R AR AL 5 T B A BIL W 52 e () )
FEAIE NH, N 2

F S AT AU <R T gk K NH,-N
PHRAR T NO,-N & NO, -N# K i, 4551t
FOT K IR DO (32 17 .00 FMELA F 58 £ 0,
MRS TR A, /N4 NH,-N &%
fk S NO,-NJ& & 4 [A o) i & ) fi§ 1k
(simultaneous nitrification and denitrification,
SND) 2 i 7= Az N, S /N3 43 35 43 TN 25
bR, “FBIEBRFELN 7.9%,
23 —BRARESESUCETEREBRIRESH

TE EGSB H 45 i — B X R 480 22 S Ak kL
15 AE N AOB, anammox B [ Fp 6, I3 1
EGSB 75 15 b S b Fh i s e o, dl I R

o i FH171E
—— R4KCOD  —— RZiH/KCOD LR
500 fizal S AT T
450 | 90%
400 80%
7, 350 70%
2 300 60%
E 250 500 <&
2 200 409
O 150 30%
100 20%
50 10%
N 0%
0
il /d
B2 FR% COD E£kriEae
Fig. 2 COD removal performance of the system
= RGHEKTN  ——RGEHUKTN 722 K
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Fig. 3 TN removal performance of the system
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Fig. 4 Oxygen-consuming organic matter (COD) removal

performance of micro oxygen aeration
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[ 7K Jg ofthil 3% A WA ZR 46 P NOB Y K N N oy TNRR

[Fi) i 38 i 1B) BAORS M B R 4 T B, Sl BT PR rE] BB

ARG R 3. & BRAUR © o 00 =

LIE 6 FE 7. gigg 3 gijé
%5 1 BB (1~63 d) EGSB B9 3 7K NH,™-N J& = 160 los 2

R HERSRIE 120 me L Z A7, MESIRH 03 = ol il oo &

L-min', BEHH 1:2(205:405s) . 7E 1~11d 4, W Bt o R e ] g(‘)

j‘j AOB ﬂ:ﬂ anammox E@ﬁ@fﬂi}ag’q , ﬁi%éﬁj 0 10 20 30 40 50 60 ;q(t)r;/(; 90 100110120130140150

4 R BRI (nitrogen removal rate, NRR) 6 "EGSB B EL1 &

BAR 0.132 kg: (m3'd) o 12334, REE Fig. 6 Nitrogen removal performance of EGSB

7 NRR L FF £ 0.178 kg- (m™-d) . ANO; - —+ ANO;-N/ANH-N -~ ATN/ANH-N

N/ANH,"-N F ] % 0.12, ATN/ANH,-N ¥ e ANO-N/ANHNFEHE{HO.11--- ATN/ANH -NHH{#0.88

0.88, X Ui BH Sz i #% N AOB. anammox [ M o Hreel BBl BB BBV

NOB %5 4 2% 3y fig 141 119 52 4+ PIh 1 56 5% 40 25 1 A% Cichi® 1 B A L il

S, HONOB WA RS, —RBt S

RARAMR I RIEah, (F34-53d M, R 02 08

G5t 7k NO, N ko BE 1T, TR DAL I o 024 Ty ,

N 38 0 SRS A1 I ] K ) ) 2 e O 30730740 30 60 70"50°30 LBTIO 30136140 50

MISZI T, MERRAE = Aoy B AR I, i 5y — B/

43 2R A5 e K K4 anammox UK 5 I HE 7 LEHEHRTRER

FRTE S I SR 3E . 16 2 v 1K 15 A TF i 6 1 1 Fig. 7 Variation of stoichiometric ratios

oA, FECOR N XI5 E A DOF B TE, 24l NOB i iE M b Tt [ B B T
anammox B 3G PENY, BRI, 7F 54~63 d N B 2% 1 9 1 EE B 500% 32 T 2 800%, LA T Jig 348
Bl , £5 63 X NOB 9 115 2] 7 & 4r M i il , & 4t NRR by 0.235 kg (m*d) ',
ANO, -N/ANH,"-N 4 0.12, ' ATN/ANH,"“N"4 0.93, 5 H it {8 ANO, -N/ANH,-N=0.11, ATN/ANH,"-N=
0.88 AHiT -

55 1 B Bt (64~96 d)EGSB i /K NH,-N i & W 4T+ 2 170 mg L™ &£47, B E4EREAE 0.3
L'min', BE{F AR 2 1:1 (3030 s) RIGEMA G MBS G, DI AOB iYIG T, MR
NRR. B & G F 1 NRR A 0.241 kg-(m*-d)”', ANO, -N/ANH,"-N 444 0.14, ATN/ANH,'-N -
9 0.88, Z 5PN NOB I M3 i B 4F 5 [7) F EGSB Hi /K 1 NO, =N Ji & #k & # A%, St i R 48
NRR BR il #5475 AOB 1Y 1 1 o

55 MBYEL (97~116 d)EGSB AY#E/K NH,-N itk BT 22 240 mg- L™, M 272 0.35L-min ™",
BEASE LA R 121 (30 s:30 s) Sk — 3G R Ay g < i, DA T AOB it . RAE M
NRR 2 T} £ 0.372 kg-(m*-d)™", ANO, -N/ANH,-N F-j % 0.12, ATN/ANH,-N ¥4 0.89, 7 ] Hoks
WEBR B M4 T, (1145 EGSB H' DO 4k 4% 78 0.20~0.50 mg-L™", NOB #4 £ % 4 4 35 4 3 24 & 47,
AOB W& PRt — 1ok H 5 anammox B 19 PR R I &AE HE—20 5838, RGN ARE 1 B EH#- T

5V B Bt (117~150 d) % EGSB 1% #f 7K NH,-N Jit & ¥ & $#2 7+ £ 29 300 mg- L™, B 245K 0.35
L-min ', BE{FHCER TN 2:1 (40 $:20 s) Sk ift — 2034 fin R 48 09 B <R B 1 AOB TG M. T RAEN
AR W 28 2o 4 T 9 Ak L AS B 3 3 5 7K 7 i Rl Xk 22 A b ) NOB iE AT 25 Bk, lCHR R IR ORI A
NOB jif % L FM, R 4 F ) NRR i — 4 #2 F+ = 0.480 kg-(m*-d)', ANO, -N/ANH,"-N ¥4 0.13,
ATN/ANH, -N 3447 0.89, Bl 22 45 52 9 K 1 A9 J /U i
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The treatment of food waste digestate by combined process of micro-oxygen
aeration, one-stage anaerobic ammoxidation and denitrification
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1. Faculty of Environment and Life, Beijing University of Technology, Beijing 100124, China; 2. The Institute of Beijing
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Abstract According to the characteristics of high ammonia nitrogen and low C/N, a pilot study on nitrogen
and carbon removal of food waste digestate was carried out by using the process of "micro oxygen aeration -
one-stage anaerobic ammonia oxidation-BioClens denitrification. The results showed that the average removal
rates of COD and TN reached 81.3% and 81.8% after 150 d of operation optimization. The micro oxygen
aeration unit eliminated the effect of organic matter and retained NH,"-N from the food waste digestate for the
anaerobic-ammonia oxidation unit, which removed 81.6% of COD and 13.7% of NH,"-N and provided
assurance for stable operation of anaerobic ammonia oxidation. The anaerobic ammonia oxidation unit was the
main NH,-N removal unit and the average total nitrogen removal rate after stabilization was 0.480
kgN-(m’-d)™". The BioClens denitrification unit removed the NO,-N generated in the first two stages of the
process, and its average NO, -N removal rate reached 90% with sodium acetate as the carbon source and an
encapsulated immobilized filler filling ratio of 5% and C/N=3. The process achieved an economical and efficient
treatment of food waste digestate and will have broad application prospects.

Keywords food waste digestate; micro oxygen aeration; anaerobic ammonia oxidation; encapsulation

immobilization; denitrification
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